Identification of sites of ubiquitination in proteins: a fourier transform ion cyclotron resonance mass spectrometry approach.
Structural elucidation of posttranslationally modified peptides and proteins is of key importance in the understanding of an array of biological processes. Ubiquitination is a reversible modification that regulates many cellular functions. Consequences of ubiquitination depend on whether a single ubiquitin or polyubiquitin chain is added to the tagged protein. The lysine residue through which the polyubiquitin chain is formed is also critical for biological activity. Robust methods are therefore required to identify sites of ubiquitination modification, both in the target protein and in ubiquitin. Here, we demonstrate the suitability of Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometry, in conjunction with activated ion electron capture dissociation (AI ECD) or infrared multiphoton dissociation (IRMPD), for the analysis of ubiquitinated proteins. Polyubiquitinated substrate protein GST-Ubc5 was generated in vitro. Tryptic digests of polyubiquitinated species contain modified peptides in which the ubiquitin C-terminal Gly-Gly residues are retained on the modified lysine residues. Direct infusion microelectrospray FT-ICR of the digest and comparison with an in silico digest enables identification of modified peptides and therefore sites of ubiquitination. Fifteen sites of ubiquitination were identified in GST-Ubc5 and four sites in ubiquitin. Assignments were confirmed by AI ECD or IRMPD. The Gly-Gly modification is stable and both tandem mass spectrometric techniques are suitable, providing extensive sequence coverage and retention of the modification on backbone fragments.